 Abstract-Nucleic acid lateral flow (NALF) test strip is currently a promising method in biomedical applications for point-of-care diagnostic tests. Generally, biotin-labelled probe is commonly used in making the test lines and control lines, and the entire processes require long periods of incubation time with the probe and streptavidin. In this study, we use non-labelled oligonucleotides that have been UV cross-linked to fix the test lines and control lines on to the nitrocellulose membrane. Our tests reduce strip fabrication time and cost three times as less than the conventional NALF. Specificity tests revealed that false positive signals were undetectable from negative control groups. In addition, comparison of biotin-free, UV-treated NALF strip to biotin-labelled platform did not show significant difference between the two platforms. These results suggest the cost-effective alternative protocol for NALF strip generation.
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I. INTRODUCTION
In biomedicine, the nucleic acid detection system is important in many applications for diagnostics and monitoring illnesses such as infectious diseases and genetic material detection [1] - [3] . Recently, nucleic acid lateral flow (NALF) assay in a dipstick format has been developed with a promise to be used as a new alternative screening for wide applicability of rapid strip test [3] - [6] . In brief, NALF is composed of a test line and a control line on nitrocellulose membrane (Fig. 1) and the control line contain different biotin-modified nucleic acid probes grafted on streptavidin-functionalized nitrocellulose membrane support. A tested DNA sample will be dropped on a sample pad and mixed with conjugate probes. Target DNAs of the same sequence that have been hybridized with the conjugate probes will be further sandwich-hybridized with specific biotinmodified probes at the test line while the excess conjugate probes will be trapped with another specific biotin-modified probes at the control line.
Nonetheless, the entire of conventional processes to construct test line and control line need biotin-labelled probe incubated with streptavidin. These need long incubation time, long procedure and special reagents [4, 7] . Here we report the application of the rapid ultraviolet (UV) crosslink technique as a process to fix target DNA probes on nitrocellulose membrane of NALF test strip. 
II. MATERIAL AND METHODS

A. Conjugation of Thiolated Probe on AuNPs
Thiolated probe that specific to the sequence of RT gene of HIV-1 virus (in the sequences below) 5'-Thiol-CTGTACCAGTAACATTAAAGCCAGG-3' have been conjugated on gold nanoparticles surface. This process has been previously described by Hill and Mirkin [8] . Briefly, 05 µL of thiolated DNA probe and 7.7mg of DDT were mixed and incubated for 05 minutes. Activated thiolate DNA probes were collected by NAP-15 column and mixed with 1ml of AuNPs and incubated. Later, 2M NaCl buffer were added until final concentration is 105 mM. The solution was centrifuged at 12,555 rpm for 12 minutes. The pellet was collected and disperse in 1 ml eluent buffer (25 mM Na 0 PO 4 
B. Lateral Flow Strip Test Construction
Conventional method lateral flow: Method to constructed the lateral flow test strips, slightly modified the method previously described by Mao et al [4] . Briefly, 60 µL of 1 mM of DNA probe (control or test line probe) mix with 140 µL PBS and 1.67 mg/mL of streptavidin solution incubated for 1 hours and remove excess streptavidin by centrifugal filter at 6,000 rpm for 20 minutes and eluted in 500 µL of PBS buffer. Then drop on nitrocellulose membrane (Millipore HF240) as test and control line. Sample pad, conjugate pad and absorption pad were assembled on a backing card. Method to constructed UV cross link lateral flow test strips modified the method previously described by Mao et al [4] . 100uM of target DNA and control line was drop on nitrocellulose membrane (Millipore HF240) as test and control line. Finally, nitrocellulose membranes will exposure UV light by UV crosslink machine for desired time then assembled the nitrocellulose membrane, sample pad, conjugate pad and absorption pad on a backing card.
III. RESULTS AND DISCUSSION
Five different oligonucleotides from specific regions within the RT gene of HIV-1 were used to make the control and test lines. Different UV exposure times were tested in duplicates: 30, 60, 120, and 300 seconds. Test strip that was not exposed to UV was used as control. To determine the signal level of the platform, an image analyzer software (Scion Image©) was used. We observed that when the UV exposure time was increased up to 120 seconds, the intensity of the signal was also increased. However, when the UV exposure time was more than 120 seconds, the intensity of the signal was reduced (Fig. 2) . Our tests showed that the best UV exposure time in this system was 120 seconds at 125mJ/cm 2 . Figure 2 . Different UV exposure times were tested using our UV crosslink platform. Measurements of the signal were done on the test lines. Data was obtained from image analyzer software. The intensity of the signal level increased when the UV exposure time was increased up to 120 seconds. However, when the UV exposure time was beyond 120 seconds, the intensity of the signal markedly decreased. After that, all specificity tests were done in quadruplicates using mixtures of DNA to simulate a real life scenario. Each test was composed of three lateral flow strips with 100 nM of target DNA (Fig. 3A.a) , 100 nM non-target DNA (Fig. 3A.b) , and DNA mixture ( Fig.  3A. c; 100nM target DNA and 100uM non-target DNA). After running our UV cross-linked test strips for 20 minutes, only signals for the test line were detected in the target DNA and mixture groups. In Fig. 3 A. b, signal for test line is not detected in the non-target DNA group. The intensity of the signal from the test line was measured and compared between target DNA and DNA mixture groups by using a paired samples t-test (Fig. 3B) . Signal intensity between both groups were not significantly different (P>0.05).
We compared it to the conventional method, which used the streptavidin-biotin system. All the tests used 100 nM of target DNA, 4x SSC running buffer supplemented with 0.05% SDS, and running time of 20 minutes (figure 4a). After 20 minutes of running the tests, the pictures were analysed by image analyser software. The intensity of the signals for the test line from both platforms was comparable. The signal level scores of each replicate were calculated by a paired samples t-test. The signal levels between the streptavidin-biotin and UV crosslink systems were not significantly different with a pvalue >0.05 (Fig. 4b) .
IV. CONCLUSION
The result indicates that it is important to find the optimal UV exposure time in order to obtain a strong signal from the test line [9] also showed that the intensity of the signal was highly dependent upon the optimal UV exposure time [9] . Sambrook and Russel mentioned that it is imperative to find the appropriate UV exposure time in a series of preliminary experiments [10] . In our study, this result is consistent and reproducible with data obtained from a previous publication [11] .
Church G.M. and Gilbert, W. had demonstrated the use of ultraviolet (UV) light to covalently bind nucleic acids to nitrocellulose or nylon type membranes [12] . Mechanism of the crosslinking is that, thymine, when exposed to UV, becomes highly reactive and forms covalent linkages with amine groups on the surface of the membrane. This procedure causes the formation of a stable bond between DNA and nitrocellulose membrane, permitting highly stringent assay conditions without loss of substrate molecules [13] . This results in reduction of fabrication time and cost for the test strips. UV treatment for 120 seconds at 125mJ/cm 2 is necessary and sufficient to fix DNA on to the nitrocellulose membrane and this yielded very good intensity and specificity in the HIV-1 NALF model. UV crosslink method being cheaper by a whopping 5 times is able to produce comparable signal level and specificity. Thus, UV crosslink system could be an alternative way for reducing chemical cost in NALF platform.
